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What is claimed is: 



1 . A memory cell, comprising: 
a source region in a horizontal substrate; 

^ a drain region in the horizontal substrate; 

a channel region separating the source and the drain regions; 
a vertical floating gate located above a portion of the channel region and 
separated from the channel region by a first thickness insulator material; and 

at least one vertical control gate located above another portion of the channel 
region and separated therefrom by a second thickness insulatien- material, wherein the 
at least one vertical control gate is parallel to and opposing^he vertical floating gate, 
and wherein the at least one vertical control gate is sep^ated from the vertical 
floating gate by an intergatp^lectric. 

2. The memorycell of claim 1 , wheyeip.--ti^i[nea^ vertical control gate has 
a horizontal width lof approximately UxTnanometers (nm)\ 

3. The memory cell of claim l/wherein the first thicpiess insulator material is 
approximately 60 Angstroms {k), and wWein the secoija thickness insulator 
material is approximately 100 Angstroms (A)\ 

4. The memory cell of clain/ 1, wherein the firsKthickness insulator material, 
the second thickness insulator ;haterial, and the intergate dielectric include silicon 
dioxide (SiOj). 

5. The memory cell of claim 1, wherein the vertical floating gate has a vertical 
height of approximately 500 nanometers (nm) and a horizontal width of 
approximately 100 Angstroms (A). 
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6. The memory cell of claim 1, wherein the intergate dielectric has a tluckness 
approximately equal to the first thickness insulator material. / 

7. A transistor, comprising: / 

a horizontal substrate, wherein the substrate includes a source region, a drain 
region, and a channel region separating the source and the drain/region; 

a vertical floating gate separated from a first portion ol the channel region by 
a first oxide thickness; and / 

at least one vertical control gate separated from a/second portion of the 
channel region by a second oxide thickness, wherein the at least one vertical control 
gate is parallel to and opposing the>eftical floating^ate. 

8. The transistor of cla^m 7, wherein the vertical floating gate has a vertical 
height of approximately 500 nanomete^irfin^and aft^rizontal width of 
approximately 100 nanometers (n™^ / / \ 

9. The transistor of claim 7,fwherOTnHhe first oxidp thickness is approximately 
60 Angstroms (A), and wherein the s^ond o^de thi^ess is approximately 100 
Angstroms (A). / \/ 

10. The transistor of claim / wherein the a/least one vertical control gate has a 
horizontal width of approxiniately 100 Angstroms (A). 

1 1 . The transistor of cmm 7, wherein the vertical floating gate separated from a 
first portion of the channel region includes a first portion of the channel region 
which is adjacent to the source region, and wherein the at least one vertical control 
gate separated from aysecond portion of the channel region includes a second portion 
of the channel region which is adjacent to the drain region. 
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12. The transistor of claim 1 1 , wherein the at least one vertical control gate 
further includes a horizontal member located above the vertical floating gate, 
wherein the at least one vertical control gate an the horizontal meiijoer are separated 
from the vertical floating gate by an intergate dielectric. 

1 3 . The transistor of claim 7, wherein a capacitance between the at least one 
vertical control gate and the floating gate is greater thaj/ a capacitance between the 
floating gate and the channel. 

14. A floating gate tP£^istor, comprising^ 
a horizontal ^bstrate, wherein the substrate includes a source region, a drain 

region, and a channel region separating^mg..sQU£ce and the drain region; 

a first vertiftal gate loc^da^e a first portion of the channel region and 
separated fi:om the channel regwikcy a first oxide tnickness; 

a second vertical gateTo^teckabove a second portion of the channel region 
and separated from the channel region W a second oxide thickness; and 

a third vertical gate4ocated above^ third portion of the channel region and 
separated from the cham^el region by the second oxide thickness. 

15. The floating^ate transistor of claim 14, wherein the second and the third 
vertical gates are^arallel to and on opposing sides of the first vertical gate. 



16. The floating gate transistor of claim 14, wherein the first vertical gate 
includes a floating gate and wherein the second and the third vertical gates include 
control gales. 
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1 7. The floating gate transistor of claim 14, wherein first vertical gate includes a 
control gate and wherein the second and the third vertical gates include fluting 
gates. 

1 8. The floating gate transistor of claim 14, wherein the floating gate transistor 
further includes a horizontal gate member which couples the se^nd and the third 
vertical gates. 
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1 9. The floating gate transistor of claim 1 4, wherein ^ greater percentage of a 
voltage applied to the second and the Jjiird-v^rtical gates appears between the first 
vertical gate and the channel thap^tween the fifst yertical gate and the second and 
the third vertical gates. 

20. The floating g^te transistor of clainyi46vhcrcifl>the second and the third 
portion of the chani^l region are a^jac§9rtl^ source region^d the drain region, 
respectively. 

21 . The floating gate trans^or of ^aim 14, wherein th/first vertical gate, the 
second vertical gate, and the third v^icAl gate include^lysilicon gates which are 
separated from one another by silicron dioxide (SiO^X 



22. The floating gate transistor of claim J^4\ wherein the first vertical gate, the 
second vertical gate, and thcydiird vertical gate each have a horizontal width of 
approximately 100 nanometers (nm). 



23. The floating gate transistor of claim 14, wherein the first oxide thickness is 
approximately 60 Angstroms (A), and wherein the second oxide thickness is 
approximately 100 Angstroms (A). 
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24. A memory dej/ice, comprising: 

a plurality of memory cells, wherein each memory cell includes: 

a horizoVtal substrate, wherein the substrate includes a source region, 
a drain region, and a chahnel region separating the source and the drain region; 

a first vertical gate separated from a first portion of the channel 
region by a first oxide thicfciess; and 

a second vertical gate separated from a second portion of the channel 
region by a second oxide thickness, wherein the second vertical gate is parallel to 
and opposing the first vertical gate; and 

at least one sense amplifier, wherein the at least one sense amplifier couples 
to the plurality of memory cells. 

25. The memory device of cJpiiji^2pCwherein each memory cell includes a flash 
memory cell. 

26. The memory device of claim ^A, wherein each memory cell includes an 
electronically eraseable and programmable read only memory (EEPROM) cell. 

27. The memory device of claim 24, Wherein the first vertical gate includes a 
floating gate and the second vertical gate Includes a control gate. 



28. The memory device of claim 24, whkein the first vertical gate includes a 
control gate and the second vertical gate includes a floating gate. 



29. The memory device of claim 24, wherein the first vertical gate and the 
second vertical gate have a horizontal width of approximately 100 nanometers (nm). 
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30. The memory deVice of claim 24, wherein the first oxide thickness is 
approximately 60 Angstroms (A), and wherein the second oxide thickness is 
approximately 100 Angstrom^ (A). 

3 1 . The memory device of cl^m 24, wherein the first vertical gate separated 
firom a first portion of the channel region by a first oxide thickness includes a first 
portion of the channel region which \s adjacent to the source region. 



32. The memory device of claim 24, wherein the second vertical gate separated 



from a second portion of the channel re 
second portion of the channel region wiph 



33. 



by a second oxide thickness includes a 
is adjacent to the source region. 



An electronic system, compijiE 
a processor; and 

a memory device coupled to the processor, wherein the memory device 
includes a plurality of memory cells coupleq to at least one sense amplifier, and 
wherein each memory cell includes: 

a horizontal substrate, whereiA the substrate includes a source region, 
a drain region, and a channel region separating the source and the drain region; 

a first vertical gate separated fipm a first portion of the channel 
region by a first oxide thickness; and 

a second vertical gate separated Ifrom a second portion of the channel 
region by a second oxide thickness, wherein the\second vertical gate is parallel to 
and opposing the first vertical gate. 



34. The electronic system of claim 33, whereii\each memory cell includes a 
flash memory cell. 
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35. The electronic sVstem of claim 34, wherein each memory cell further 
includes a third vertical gate separated from a third portion of the channel region by 
the second oxide thicknesk and wherein the second and the third vertical gates are 
parallel to and on opposing\sides of the first vertical gate. 

36. The electronic system\of claim 35, wherein the first vertical gate, the second 
vertical gate, and the third vermcal gate include polysilicon gates which are 
separated from one another by silicon dioxide (SiOj). 



P 

m 
m 

P 
m 
m 
m 
)■ 

□ 
m 
y 
1- 
o 
o 



37. The electronic system oflclaim 34, wherein the first vertical gate includes a 
floating gate and the second vertical gate includes a control gate. 

38. The electronic system of ciaim 34, wherein the first vertical gate includes a 



control gate and the second vertrcai ga 



39. The electronic system 
second vertical gate have a ho 



'claim 



;e includes a floating gate. 



34, wherein the first vertical gate and the 



Lzontal width of approximately 100 nanometers (nm). 



40. The electronic system of claim 34, wherein the first oxide thickness is 
approximately equal to an intergate dielectric thickness which separates the first 
vertical gate and the second vertical gate. 



41 . The electronic system of claim B4, wherein the second vertical gate 
separated from a second portion of the channel region by a second oxide thickness 
includes a second portion of the channe^ region which is adjacent to the source 
region. 

42. The electronic system of claim 341 wherein the first vertical gate further 
includes a horizontal member located above the second vertical gate. 
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43. The electronic systeita of claim 34, wherein a capacitance between the first 
vertical gate and the second vertical gate is greater than a capacitance between either 
the first vertical gate or the second vertical gate and the channel. 



44. A method for forming a ikemory cell, comprising: 

forming a source region a|;id a drain region separated by a channel region in a 
horizontal substrate; 

forming a first vertical gati above a first portion of the channel region and 
separated from the channel region by a first oxide thickness (tl); and 

forming a second vertical gate above a second portion of the channel region 
and separated from the channel region by a second oxide thickness (t2), wherein 
forming the second vertical gate includes forming the second vertical gate parallel to 
and opposing the first vertical gate. 



45 . The method of claim 44, 
flash memory cell. 




■fiin the method fiirther includes forming a 



forming a floating gate, and wherein 
forming a control gate. 



46. The method of claim 44, whei ein forming the first vertical gate includes 



brming the second vertical gate includes 



47. The method of claim 44, where in forming the first vertical gate and forming 
the second vertical gate include formir g the first and the second vertical gates to 
have a horizontal width of approximat{;ly 100 nanometers (nm). 

48. The method of claim 44, wherein forming a first vertical gate separated from 
the channel region by a first oxide thicwness (tl) includes forming the first vertical 
gate separated from the channel region ^y a first oxide thickness (tl) of 
approximately 60 Angstroms (A). 
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49. The method of claim^4, wherein forming a second vertical gate separated 
from the chamiel region by a second oxide thickness (t2) includes forming the 
second vertical gate separated from the channel region by a second oxide thickness 
(t2) of approximately 100 Angstroms (A). 



50. The method of claim 44, wherein forming the first vertical gate separated 
from a first portion of the channel region by a first oxide thickness (tl) includes 
forming the first vertical gate sepaAated from a first portion of the channel region 
which is adjacent to the source region. 



5 1 . The method of claim 44, whirein forming the second vertical gate separated 
from a second portion of the chaimellregion by a second oxide thickness includes 
forming the second vertical gate separated from a second portion of the channel 
region which is adjacent to the sourcelregion. 

52. A method for forming a floaunt bate transistor, comprising: 

forming a source region and a (^ain region separated by a channel region in a 
horizontal substrate; 

forming a first vertical gate locatled above a first portion of the channel 
region and separated from the channel region by a first oxide thickness; 

forming a second vertical gate located above a second portion of the channel 
region and separated from the channel region by a second oxide thickness; and 

forming a third vertical gate locate d above a third portion of the channel 
region and separated from the channel region by the second oxide thickness. 



53. The method of claim 52, wherein firming the second and the third vertical 
gates includes forming the second and the tpird vertical gates parallel to and on 
opposing sides of the first vertical gate. 
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54. The method of claim^2, wherein forming the first vertical gate includes 
forming a floating gate and wheyein forming the second and the third vertical gates 
includes forming control gates. 

55. The method of claim 52, wherein forming the first vertical gate includes 
forming a control gate and wherein forming the second and the third vertical gates 
includes forming floating gates. 

56. The method of claim 52, wheriin forming the floating gate transistor further 
includes forming a horizontal gate mei^ber which couples the second and the third 
vertical gates. 

57. The method of claim 52, whereiil forming the second and the third vertical 
gates over a second and a third portionyd'the channel region, respectively, includes 
forming the second and the third vertical grates adjacent to the source region and the 
drain region, respectively. 



58. The method of claim 52, wherein Forming the first, the second, and the third 
vertical gates includes forming poly silicon gates which are separated fi'om one 
another by silicon dioxide (SiOj). \ 



59. The method of claim 52, wherein 
vertical gates includes forming each gate to 
approximately 100 nanometers (nm). 



fc|rming the first, the second, and the third 
have a horizontal width of 



60. The method of claim 52, wherein forming a first vertical gate separated from 
the channel region by a first oxide thickness includes forming a first oxide thickness 
of approximately 60 Angstroms (A), and wherein forming a second vertical gate 
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separated from the channel region by a second oxide thickness includes forming a 
second oxide thickness of approximately 100 Angstroms (A). 



61. A method for operating a memory cell, comprising: 

applying a first potential across a thin tunneling oxide between a vertical 
floating gate and a first portion of alhorizontal substrate, the horizontal substrate 
including a source region and a drain region separated by a horizontal channel 
region, in order to add or remove a charge from the floating gate; and 

reading the memory cell by applying a second potential to a vertical control 
gate located above a second portion df the horizontal substrate, wherein the vertical 
control gate is parallel to and opposing the vertical floating gate. 



62. 



imer 



A method for operating a 
writing a charge from a hori 
applying a first potential to a vertical 

erasing a charge from a vertical 



cc 



iry cell, comprising: 
1 substrate to a vertical floating gate by 
trol gate; 
loating gate to a source region in a 



reading the memory cell by appl 



horizontal substrate by applying a secor d potential to the vertical control gate; and 



dng a third potential to the vertical control 



gate. 



63. The method of claim 62, whereinlapplying a first, second, and third potential 
to the vertical control gate includes applying a first, second, and third potential to a 
vertical control gate which is parallel to and opposing the vertical floating gate. 



64. The method of claim 62, wherein \witing a charge from a horizontal 
substrate to a vertical floating gate by appMng a first potential to a vertical control 
gate includes tunneling electrons from a horizontal channel in the horizontal 
substrate to the vertical floating gate using Fowler Nordheim tunneling. 



SLWK303.691US01 
Micron 99-1167 

65 . The method of claint\62, wherein writing a charge from a horizontal 
substrate to a vertical floating\gate by applying a first potential to a vertical control 
gate includes using a hot electron injection technique to tunnel electrons at a drain 
region in the horizontal substraJe to the vertical floating gate. 

66. The method of claim 62, Wherein erasing a charge from a vertical floating 
gate to a source region in a horizontal substrate by applying a second potential to the 
vertical control gate includes tumbling electrons from the vertical floating gate to 
the source region in a horizontal slbbstrate using Fowler Nordheim tunneling. 



67. A method for operatin; 

using a vertical contro| daXt 
gate; and ^ I 

using the charge stored on tHe 
conduction chamiel beneath the vertical 



68. The method of claim 67, 
conduction level through the 
wherein the conduction level is 
gate. 



ory cell, comprising: 
to add and remove a charge to a vertical floating 



vertical floating gate to modulate a horizontal 
ical floating gate. 



wherein method further includes sensing a 
horizohtal channel to sense a state of the memory cell, 
modulated by a charge level in a vertical floating 



69. A method for operating a me mory cell, comprising: 
storing a charge in a vertical floating gate; and 

using the charge stored in th(; vertical floating gate to control a threshold 
voltage level to create conduction in|a horizontal channel region beneath the vertical 
floating gate. 
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